12 Background: Dual function tail tubular proteins (TTP) belonging to the lytic bacteriophages are the
Introduction

35
K. pneumoniae, Staphylococcus aureus, Enterococcus faecalis, Pseudomonas aeruginosa and Escherichia
36
coli belong to the most frequent biofilm-forming microorganisms [1] . The antibiotic-resistance is 37 related to the ability of biofilm production and bacteria survival in a hospital environment. Biofilm 38 is an organized structure, in which bacterial cells stick to each other on various solid surfaces 39 forming large aggregates. They are often enclosed by thick polysaccharide layer which makes 40 them resistant to antibiotics and thus very hard to eliminate [2] . The major biofilm adhesion factors
41
-a bacterial polysaccharide -is secreted outside the cell, and hence called exopolysaccharide (EPS) eliminated when polysaccharide depolymerase (PD) is used. A promising alternative in this field 48 seems to be bacteriophage derived PD application [6] . Based on the latest search, phage PDs are 49 very diverse in their molecular masses, structures, and mechanisms of action. Most of them are
50
encoded in the open reading frames of phage structural proteins and thus were considered as 51 structural proteins [7] [8] [9] . The diversity of phage PDs results from the co-evolution of phages and 52 their host bacteria [10] . Previously, we have reported the preliminary results of biological activity 53 of the tail tubular proteins A of the phages KP32 and KP34 [8, 9] . These proteins were called the 54 dual-function proteins due to their structural and hydrolytic features related to binding and [11, 5] . It is the most refractory pathogen causing biofilm-associated 64 infections. As we have shown TTPB facilitates antibiotic to break through the biofilm barrier and
65
cooperates with the antibiotic in the bacterial biofilm destruction. This finding suggests that the 66 protein could be applied as a therapeutic agent for chronic and nosocomial infections curing.
67
Materials and Methods
68
All of the bacterial strains used in the experiments were obtained from the Polish Collection of Luria-Bertani (LB) broth medium (Difco). Bacteria were cultured at 37°C stationary or with shaking.
76
Cloning procedure
77
The genome of phage KP32 is deposited in the genomic database, GenBank: GQ413937. TTPB gene 78 of KP32 phage was obtained using polymerase chain reaction (PCR) with the following primers:
80
GAATTCAAAGCTTAATACCGTTAGCGCGTCT. The KP32 DNA template was obtained from the 
84
Annealing temperature in the first phase was 48°C-52°C and in the second phase 55°C-65°C. PCR
85
product was cloned into the pGEM T-easy vector (T-vector, Promega) using T4 ligase. T-vector was
86
transformed into E. coli DH5α bacteria using the heat-shock method. 
109
Circular dichroism spectroscopy (CD)
110
CD spectra were recorded on a Jasco J-600 spectropolarimeter, at room temperature. Spectra were 
133
Antibiofilm activity
134
One-day biofilm preparation: bacteria were cultured overnight in 5 ml of LB broth at 37°C with
135
shaking. Overnight cultures were diluted to OD600 = 0.2 using fresh LB. 
153
Next, we added 125 µl of 0.1% crystal violet solution and stained for 10 minutes at room temperature.
154
After washing and drying the plate, we added 200 µl of 95% ethanol and incubated for 15 minutes
155
We measured the absorbance at 570 nm. The negative controls contained the biofilms untreated with
156
neither TTPB nor kanamycin.
157
Results
158
Cloning, gene expression, and protein analysis
159
Mostly TTPB was overexpressed as inclusion bodies. However, the use of elevated concentrations of 
193
Hydrolytic activity
194
The hydrolytic activity of TTPB was performed using slime EPSs isolated from K. pneumoniae PCM 
206
California USA, (www.graphpad.com)).
207
Synergistic activity
208
Further analysis showed that TTPB exhibits synergistic antimicrobial activity with kanamycin ( 
229
Primary structure analysis
230
The primary structure of TTPB is very similar among tail tubular proteins B of Klebsiella pneumoniae 231 phage family. For these proteins the amino acid identity is in the range of 84 -98%. The Blast analysis
232
showed that amino acid sequence of TTPB is similar in 60 -64% to tail proteins of the phages of 
252
Phages can recognize bacterial receptors by the specific proteins that also have enzymatic activity. 
288
The amino acid sequence analysis by BLAST program showed that TTPB is homologous in over 60%
289
to tail B protein (gp12) of T7 bacteriophage. Gp12 is classified as the structural protein, located in the 290 bacteriophage tail core and it is important for phage adsorption to the bacterial cell wall and host
291
infection [24] . It has not been considered as an enzyme and its three-dimensional structure has not 292 been known so far. Thus it is not possible to predict the active site of our TTPB comparing with TTPB 293 from T7 bacteriophage.
294
In summary, in the presented study an attempt was made to demonstrate the utility of bacteriophage 
